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WIRING STRUCTURES AND
SEMICONDUCTOR DEVICES

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims priority under 35 USC § 119 to
Korean Patent Application No. 10-2015-0069754, filed on

May 19, 2015 in the Korean Intellectual Property Office
(KIPO), the contents of which are incorporated by reference
herein 1n their entirety.

TECHNICAL FIELD

Example embodiments disclosed herein relate to wiring
structures, methods of forming wiring structures and semi-
conductor devices. More particularly, example embodiments
disclosed herein relate to wiring structures including an
insulation structure and a conductive pattern, methods of
forming such wiring structures and semiconductor devices
including such wiring structures.

BACKGROUND

In a semiconductor device, a wiring structure used for
interconnection, such as a via structure or a contact, may be
formed so that signal lines at different levels may be
clectrically connected to each other. For example, an open-
ing through which a lower conductive pattern 1s exposed
may be formed, and a metal layer may be deposited 1n the
opening to form a conductive pattern. However, as a degree
ol integration of the semiconductor device increases, struc-
tures or elements adjacent to the conductive pattern may be
damaged while forming the conductive pattern.

SUMMARY

Example embodiments discussed herein provide wiring
structures having improved electrical and structural reliabil-
ity, and methods of forming such wiring structures. Example
embodiments discussed herein also provide semiconductor
devices including such wiring structures.

According to example embodiments, there 1s provided a
wiring structure. The wiring structure may include a sub-
strate, a lower insulation layer on the substrate, a lower
wiring 1n the lower insulation layer, and a multi-layered
etch-stop layer covering the lower wiring and the lower
insulation layer, wherein a thickness of the multi-layered
ctch-stop layer over the lower wiring 1s greater than a
thickness of the multi-layered etch-stop layer over the lower
insulation layer. The multi-layered etch-stop layer may
include a first etch-stop layer covering the lower wiring and
including a metallic dielectric material, and a second etch-
stop layer on the first etch-stop layer and the lower insulation
layer. The wiring structure may further include an insulating
interlayer on the second etch-stop layer and a conductive
pattern extending through the insulating interlayer, the sec-
ond etch-stop layer and the first etch-stop layer and electri-
cally connected to the lower wiring.

According to other example embodiments, there 1s pro-
vided a wiring structure. The wiring structure may include a
substrate, a lower nsulation layer on the substrate, a lower
wiring 1n the lower insulation layer and a first etch-stop layer
covering the lower wiring and the lower insulation layer.
The first etch-stop layer may be relatively thicker on the
lower wiring as compared to the lower insulation layer. The
wiring structure may also include a second etch-stop layer
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2

on the first etch-stop layer, and include a material that is
different from that of the first etch-stop layer. The wiring
structure may also include an insulating interlayer on the
second etch-stop layer and a conductive pattern extending
through the insulating interlayer, the second etch-stop layer
and the first etch-stop layer and electrically connected to the
lower wiring.

According to example embodiments, there 1s provided a
method of forming a wiring structure. In the method, a lower
insulation layer may be formed on a substrate. A lower
wiring may be formed in the lower insulation layer. A
multi-layered etch-stop layer may be formed to cover the
lower wiring and the lower insulation layer such that a
thickness of the multi-layered etch-stop layer over the lower
wiring 1s greater than a thickness of the multi-layered
ctch-stop layer over the lower insulation layer. The multi-
layered etch-stop layer may be formed by forming a first
etch-stop layer including a metallic dielectric material on the
lower wiring and forming a second etch-stop layer including
a non-metallic dielectric material on the first etch-stop layer.
An 1nsulating interlayer may be formed on the second
ctch-stop layer. A conductive pattern may be formed through
the 1nsulating interlayer, the second etch-stop layer and the
first etch-stop layer such that the conductive pattern may be
clectrically connected to the lower wiring.

According to example embodiments, there 1s provided a
semiconductor device. The semiconductor device may
include a plurality of active patterns defined by an 1solation
layer, a gate structure on the active patterns, a source/drain
layer formed at an upper portion of the active patterns
adjacent to the gate structure, a lower insulation layer on the
gate structure and the active patterns and a lower wiring
clectrically connected to the source/drain layer in the lower
insulation layer. The semiconductor device may also include
a multi-layered etch-stop layer covering the lower wiring
and the lower insulation layer, wherein a thickness of the
multi-layered etch-stop layer over the lower wiring may be
greater than a thickness of the multi-layered etch-stop layer
over the lower 1nsulation layer. The multi-layered etch-stop
layer may 1nclude a first etch-stop layer covering the lower
wiring and including a metallic dielectric material and a
second etch-stop layer on the first etch-stop layer and the
lower msulation layer. The semiconductor device may also
include an 1mnsulating interlayer on the second etch-stop layer
and a conductive pattern extending through the insulating
interlayer, the second etch-stop layer and the first etch-stop
layer and electrically connected to the lower wiring.

BRIEF DESCRIPTION OF THE DRAWINGS

Example embodiments will be more clearly understood
from the following detailed description taken 1n conjunction
with the accompanying drawings. FIGS. 1 to 54 represent
non-limiting, example embodiments as described herein.

FIGS. 1 to 8 are cross-sectional views illustrating a
method of forming a wiring structure 1 accordance with
some example embodiments;

FIGS. 9 and 10 are cross-sectional views illustrating a
method of forming a wiring structure 1n accordance with a
comparative example;

FIGS. 11 to 17 are cross-sectional views illustrating a
method of forming a wiring structure in accordance with
some example embodiments;

FIGS. 18 to 23 are cross-sectional views illustrating a
method of forming a wiring structure in accordance with
some example embodiments;
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FIGS. 24 to 29 are cross-sectional views illustrating a
method of forming a wiring structure in accordance with
some example embodiments; and

FIGS. 30 to 54 are cross-sectional views illustrating a
method of manufacturing a semiconductor device 1n accor-
dance with some example embodiments.

DESCRIPTION OF EMBODIMENTS

Various example embodiments will be described more
tully hereinafter with reference to the accompanying draw-
ings, i which some example embodiments are shown.
These embodiments may, however, be realized in many
different forms and should not be construed as limited to the
example embodiments set forth herein. Rather, these
example embodiments are provided so that this description
will be thorough and complete, and will fully convey the
scope of the present inventive concept to those skilled in the
art. In the drawings, the sizes and relative sizes of layers and
regions may be exaggerated for clarity.

It will be understood that when an element or layer 1s
referred to as being “on,” “connected to” or “coupled to”
another element or layer, 1t can be directly on, connected or
coupled to the other element or layer or intervening elements
or layers may be present. In contrast, when an element 1s
referred to as being “directly on,” “directly connected to” or
“directly coupled to” another element or layer, there are no
intervening elements or layers present. Like numerals refer
to like elements throughout. As used herein, the term “and/
or’ includes any and all combinations of one or more of the
associated listed items.

It will be understood that, although the terms first, second,
third, fourth etc. may be used herein to describe various
clements, components, regions, layers and/or sections, these
clements, components, regions, layers and/or sections
should not be limited by these terms. These terms are only
used to distinguish one element, component, region, layer or
section from another region, layer or section. Thus, a first
clement, component, region, layer or section discussed
below could be termed a second element, component,
region, layer or section without departing from the teachings
of the present inventive concept.

Spatially relative terms, such as “beneath,” “below,”
“lower,” “above,” “upper’ and the like, may be used herein
for ease of description to describe one element or feature’s
relationship to another element(s) or feature(s) as illustrated
in the figures. It will be understood that the spatially relative
terms are intended to encompass diflerent orientations of the
device 1n use or operation in addition to the ornentation
depicted 1n the figures. For example, 1f the device 1n the
figures 1s turned over, elements described as “below” or
“beneath” other elements or features would then be oriented
“above” the other elements or features. Thus, the exemplary
term “below” can encompass both an orientation of above
and below. The device may be otherwise oriented (rotated 90
degrees or at other orientations) and the spatially relative
descriptors used herein interpreted accordingly.

The terminology used herein 1s for the purpose of describ-
ing particular example embodiments only and 1s not
intended to be limiting of the present inventive concept. As
used herein, the singular forms “a,” “an” and “the” are
intended to include the plural forms as well, unless the
context clearly indicates otherwise. It will be further under-
stood that the terms “comprises”™ and/or “comprising,” when
used 1n this specification, specily the presence of stated
features, integers, steps, operations, elements, and/or com-
ponents, but do not preclude the presence or addition of one
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or more other features, integers, steps, operations, elements,
components, and/or groups thereof.

Example embodiments are described herein with refer-
ence to cross-sectional illustrations that are schematic 1llus-
trations of 1dealized example embodiments (and 1ntermedi-
ate structures). As such, variations from the shapes of the
illustrations as a result, for example, of manufacturing
techniques and/or tolerances, are to be expected. Thus,
example embodiments should not be construed as limited to
the particular shapes of regions 1llustrated herein but are to
include deviations 1n shapes that result, for example, from
manufacturing. For example, an implanted region 1llustrated
as a rectangle will, typically, have rounded or curved fea-
tures and/or a gradient of 1mplant concentration at its edges
rather than a binary change from implanted to non-im-
planted region. Likewise, a buried region formed by implan-
tation may result in some 1mplantation in the region between
the buried region and the surface through which the implan-
tation takes place. Thus, the regions illustrated in the figures
are schematic 1n nature and their shapes are not intended to
illustrate the actual shape of a region of a device and are not
intended to limit the scope of the present inventive concept.

Unless otherwise defined, all terms (including technical
and scientific terms) used herein have the same meaning as
commonly understood by one of ordinary skill 1n the art to
which this inventive concept belongs. It will be further
understood that terms, such as those defined in commonly
used dictionaries, should be interpreted as having a meaning
that 1s consistent with theirr meaning 1n the context of the
relevant art and will not be interpreted 1n an idealized or
overly formal sense unless expressly so defined herein.

FIGS. 1 to 8 are cross-sectional views illustrating a
method of forming a wiring structure in accordance with
some example embodiments.

Referring to FIG. 1, a lower structure including a lower
insulation layer 110 and a lower wiring 115 may be formed
on a substrate 100. The substrate 100 may include a silicon
(S1) substrate, a germanium (Ge) substrate, a S1—Ge sub-
strate, or the like. In one embodiment, the substrate 100 may
be provided as a silicon-on-insulator (SOI) substrate, a
germanium-on-insulator (GOI) substrate, or the like. In
another embodiment, the substrate 100 may include a group
I1I-V compound such as InP, GaP, GaAs, GaSb, etc. P-type
or N-type impurities may be implanted at an upper portion
of the substrate 100 to form a well (not illustrated). In some
embodiments, a circuit element (not 1llustrated) including a
gate structure, an impurity region, a contact and/or a plug
may be further formed on the substrate 100.

The lower insulation layer 110 may be formed on the
substrate 100, e¢.g., to cover the circuit element. The lower
insulation layer 110 may be formed of, e.g., silicon oxide or
silicon oxynitride. For example, the lower insulation layer
110 may be formed of a silicon oxide-based material such as
plasma enhanced oxide (PEOX), tetracthyl orthosilicate
(TEOS), boro tetracthyl orthosilicate (BTEOS), phospho-
rous tetracthyl orthosilicate (PTEOS), boro phospho tetra-
cthyl orthosilicate (BPTEOS), boro silicate glass (BSG),
phospho silicate glass (PSG), boro phospho silicate glass
(BPSG), or the like. The lower insulation layer 110 may be
formed by at least one process such as a chemical vapor
deposition (CVD) process, a plasma enhanced chemical
vapor deposition (PECVD) process, a low pressure chemical
vapor deposition (LPCVD) process, a high density plasma
chemical vapor deposition (HDP-CVD) process, a spin
coating process, a sputtering process, an atomic layer depo-
sition (ALD), or the like.
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In example embodiments, the lower insulation layer 110
may be partially etched to form an opening such as a hole or
a trench. A conductive layer including a metal such as
copper (Cu), aluminum (Al), tungsten (W), etc., and filling
the opening may be formed on the lower insulation layer 110
and within the opening by a deposition process or a plating
process. Thereafter, an upper portion of the conductive layer
may be planarized by a chemical mechanical polish (CMP)
process and/or an etch-back process to form the lower

wiring 115. The lower wiring 115 may be electrically
connected to the circuit element formed on the substrate 100.

In some embodiments, a barrier layer (e.g., formed of a
metal mitride such as titamium nitride, tantalum nitride, etc.)
may be formed along a sidewall and a bottom of the opening,
and on the lower insulation layer 110, before forming the
conductive layer. In this case, a barrier pattern surrounding
a sidewall and a bottom of the lower wiring 115 may be
formed.

Referring to FIG. 2, a first etch-stop layer 120 may be
formed on the lower insulation layer 110 and the lower
wiring 115. In example embodiments, the first etch-stop
layer 120 may be formed of a metallic dielectric material. In
some embodiments, the metallic dielectric material may be
formed of a dielectric metal nitride such as aluminum
nitride.

In some embodiments, the first-etch stop layer 120 may be
formed by a process such as a CVD process or an ALD
process. For example, a metal precursor including a metal
halogenide such as aluminum chloride (AICl,), or an organic
metal compound may be provided into a process chamber
together with a nitrogen-containing reactive gas such as
nitrogen (N,), ammonia (NH,), nitrogen oxide (NO,),
nitrous oxide (N,O), etc. Accordingly, the first etch-stop
layer 120 may be provided as a dielectric metal nitride,
tormed through a reaction between the metal precursor and
the nitrogen-containing reactive gas. In some other embodi-
ments, the first etch-stop layer 120 may be formed by a
sputtering process such as an ion-beam sputtering process or
a magnetron sputtering process. For example, a metal target
such as an aluminum target and the nitrogen-containing
reactive gas may be used to form the first etch-stop layer
120. In some embodiments, the first etch-stop layer 120 may
be formed of a metal oxynitride by adjusting types of the
reactive gas used 1n the deposition process.

In example embodiments, the first etch-stop layer 120
may have a non-uniform thickness profile. For example, the
first etch-stop layer 120 may include a first portion 123
having a relatively greater thickness, and a second portion
125 having a relatively smaller thickness. The first portion
123 and the second portion 125 may be formed on top
surfaces of the lower wiring 115 and the lower insulation
layer 110, respectively. A vertical cross-section of the first
portion 123 may have a rectangular shape, as illustrated in
FIG. 2. However, the first portion 123 may have a curved
shape such as a hemisphere shape or a dome shape.

While forming the first etch-stop layer 120, metal com-
ponents separated from the metal precursor or the metal
target may be concentrated on the lower wiring 115 due to
an athinity between metallic components of the lower wiring
115 and the metal precursor or target. Thus, the thickness of
the first etch-stop layer 120 may become greater on the top
surface of the lower wiring 115 to form the first portion 123.
The portion of the first etch-stop layer 120 other than the first
portion 123 may be defined as the second portion 125, and
may substantially cover the top surface of the lower 1nsu-
lation layer 110.
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Reterring to FIG. 3, a second etch-stop layer 130 may be
formed on the first etch-stop layer 120. In example embodi-
ments, the second etch-stop layer 130 may be formed of a
non-metallic dielectric material. In some embodiments, the
second etch-stop layer 130 may be formed of the non-
metallic dielectric matenial in which oxygen, carbon and/or
nitrogen atoms are combined with silicon atoms. For
example, the second etch-stop layer 130 may be formed of
at least one of silicon oxide (S10x), silicon carbide (S10),
silicon nitride (SiN), silicon oxynitride (S10ON), silicon car-
bonitride (S1CN), silicon oxycarbide (S10C), or the like. In
some embodiments, the second etch-stop layer 130 may be
formed of silicon carbide or silicon oxycarbide for improv-
ing an etching selectivity with respect to the first etch-stop
layer 120.

The second etch-stop layer 130 may be formed by a
process such as a CVD process, an ALD process, etc., and
may have a uniform (or at least substantially uniform)
thickness. In this case, a portion of the second etch-stop
layer 130 covering the first portion 123 of the first etch-stop
layer 120 may have a relatively higher top surface as
compared to a portion of the second etch-stop layer 130
covering the second portion 125 of the first etch-stop layer
120.

In some embodiments, the second etch-stop layer 130
may be formed by an ALD process, e.g., to provide
improved deposition uniformity. For example, a silicon
precursor such as a silane-based material, and a reactive gas
including a carbon-containing material such as methane
(CH,) or ethane (C,H,) may be used 1n the ALD process to
form the second etch-stop layer 130.

Referring to FIG. 4, an insulating interlayer 140 may be
formed on the second etch-stop layer 140. The insulating
interlayer 140 may be formed of a low-k silicon oxide or a
siloxane-based maternial. For example, the nsulating inter-
layer 130 may be formed of silicon oxide such as TEOS,
BTEOS, PTEOS or BPTEOS, or polysiloxane including
alkyl substituents, or the like. The insulating interlayer 140
may be formed by a CVD process.

Referring to FIG. 5, the insulating interlayer 140 may be
partially removed to form openings, such as a first opening
150a and a second opening 1505. The openings 150a and
15056 may be formed through, e.g., the insulating interlayer
140 and the second etch-stop layer 130 such that an upper
surface of the first etch-stop layer 120 1s exposed through the
openings 150aq and 1505.

In some embodiments, the first portion 123 of the first
etch-stop layer 120 may be exposed at a bottom of the first
opening 150q. In this case, a top surface of the first portion
123 may define the bottom of the first opening 150qa. In some
embodiments, the first portion 123 of the first etch-stop layer
120 may be at least partially exposed at a bottom of the
second opening 15056, and the second portion 125 may be
also partially exposed through the second opening 1505.

The etching process used to form the first and second
openings 150q and 1505 1n the 1nsulating interlayer 140 and
the second etch-stop layer 130 may include a dry etching
process such as a plasma etching process, a reactive 1on
ctching (RIE) process, etc. While performing the dry etching
process, an etching rate may be preliminarily reduced by the
second etch-stop layer 130; and the first etch-stop layer 120,
which 1s formed of a different material from that of the
second etch-stop layer 130, may provide an etching end-
surface. Thus, the lower wiring 115 and the lower insulation
layer 110 may be protected by the first etch-stop layer 120.

Referring to FIG. 6, portions of the first etch-stop layer
120 exposed by the openings 150a and 15056 may be
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removed (e.g., etched) to expose a top surface of each lower
wiring 115. In example embodiments, the exposed portions
of the first etch-stop layer 120 may be removed by a wet
etching process that 1s highly selective to the first etch-stop
layer. For example, an acid solution including sulfuric acid,
hydrochloric acid, or the like, may be used as an etching
solution in the wet etching process.

Upon removing portions of the first etch-stop layer 120,
first and second openings 150aq and 1505 may be extended
(e.g., 1n a height direction). In some embodiments, the top
surface of the lower wiring 1135 may be partially exposed by
a bottom of the extended first opening 150a. Accordingly,
the bottom of the first opening 150a may be defined by the
top surface of the lower wiring 115. In some embodiments,
the top surface of the lower wiring 115 may be at least
partially exposed at a bottom of the extended second open-
ing 1506, and a top surface of the lower insulation layer 110
may be also exposed by the extended second opening 1505.
Accordingly, the bottom of the second opening 1506 and the
top surface of the lower wiring 115 may be partially stag-
gered with each other or partially overlap each other.

According to example embodiments as described above,
the first and second etch-stop layers 120 and 130 can be
considered to form a multi-layered etch-stop layer formed of
different materials. Thus, a suflicient etching selectivity
between the multi-layered etch-stop layer and the msulating,
interlayer 140 and/or between the etch-stop layer and the
lower structure may be obtained. Further, the dry etching
process and the wet etching process may be combined to
additionally improve the etching selectivity.

Therefore, damage to the lower wiring 115 and/or the
lower msulation layer 110 may be avoided while performing
the etching process to form the openings 150a and 1505.
Further, the first etch-stop layer 120 may be formed to be
relatively thicker on the top surface on the lower wiring 115
so that the lower wiring 115 may be eflectively prevented
from being oxidized or physically damaged during the
etching process, or from exposure to external moisture.

Additionally, compared to conventional etch-stop layers,
a total thickness of the multi-layered etch-stop layer accord-
ing to embodiments described herein may be reduced
because suilicient etching selectivity may be achieved due to
the different materials 1n the multi-layered, as described
above. Thus, an increase of a dielectric constant caused by
the multi-layered etch-stop layer may be minimized so that
a parasitic capacitance or an RC delay between the lower
wirings 115 and/or between conductive patterns 180 (see,
¢.g., FIG. 8) may be suppressed.

Referring to FIG. 7, an upper conductive layer filling the
openings 150q and 1506 may be formed. As exemplarily
illustrated, the upper conductive layer may include a barrier
conductive layer 160 and a metal layer 170.

In example embodiments, the barrier conductive layer
160 may be formed conformally along sidewalls and the
bottoms of the openings 150a and 1505, and a top surface of
the mnsulating interlayer 140. The barrier conductive layer
160 may be 1n contact with the top surfaces of the lower
wiring 115 exposed through the openings 150a and 15056. An
adhesion of a subsequently-formed seed layer may be
improved by the presence of the barrier conductive layer
160, and diffusion of metallic material (e.g., from the seed
layer or the metal layer 170) into the insulating interlayer
140 may be blocked by the barrier conductive layer 160. For
example, the barrier conductive layer 160 may be formed of
a material such as titanium, titanium nitride, tantalum,
tantalum nitride, or the like, by a process such as a PVD
process or an ALD process. In some embodiments, the
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barrier conductive layer 160 may be formed of a chemically
stable metal such as rubidium, ruthenium or cobalt, e.g., by
a CVD process.

The metal layer 170 may be formed on the barrier
conductive layer 160 and fill remaiming portions of the
openings 130q and 15056. In some embodiments, the metal
layer 170 may be formed by forming seed layer on the
barrier conductive layer 160 by a PVD process using, e.g.,
a copper target, or a copper retlow process. Subsequently, a
plating process such as a copper electroplating process may
be performed. For example, the substrate 100 including the
seed layer may be immersed 1n plating solution such as a
copper sulfate solution. A current may be applied using the
seed layer and the plating solution as a cathode and an
anode, respectively. Accordingly, the metal layer 170 1includ-

ing copper may be precipitated or grown on the seed layer
through an electrochemical reaction. In some other embodi-
ments, the metal layer 170 may be deposited by a process
such as a sputtering process or an ALD process.

Referring to FIG. 8, upper portions of the metal layer 170
and the barrier conductive layer 160 may be planarized, e.g.,
by a CMP process and/or an etch-back process, until the top
surface of the insulating interlayer 140 1s exposed, thereby
forming a conductive pattern 180 1n each opening 150a and
1505, each electrically connected to a lower wiring 115. The
conductive pattern 180 may thus include a barrier conduc-
tive pattern 165 and the metal pattern 175 sequentially
formed on an mner wall of the openings 150a and 1505.

Each conductive pattern 180 may be 1n contact with the
top surface of the lower wiring 115. For example, the
conductive pattern 180 formed in the first opening 150a may
extend through the second etch-stop layer 130 and the first
portion 123 of the first etch-stop layer 120, and may be
landed on the top surface of the lower wiring 115. Accord-
ingly, the entire (or at least substantially the entire) bottom
surface of the conductive pattern 180 formed 1n the first
opening 150aq may contact the top surface of the lower
wiring 115. Even though the conductive pattern 180 1s
completely superimposed over the lower wiring 115, the
lower wiring 115 may be protected from damage by the first
portion 123 of the first etch-stop layer 120.

The conductive pattern 180 formed 1n the second opening,
1505 may extend through the second etch-stop layer 130,
and may extend through the first and second portions 123
and 125 of the first etch-stop layer 120. Accordingly, the
conductive pattern 180 formed 1n the second opening 1505
may contact the top surfaces of the lower wiring 1135 and the
lower insulation layer 110. Even though the conductive
pattern 180 may be substantially staggered with respect to
the lower wiring 115, a suflicient etching selectivity may be
provided by the first etch-stop layer 120 so that the lower
insulation layer 110 may be protected from damages by the
second portion 125.

In some embodiments, after forming the conductive pat-
tern 180, the 1nsulating interlayer 140 may be modified by,
¢.g., a plasma treatment or an ultraviolet irradiation to
reduce a dielectric constant or a permittivity of the mnsulating
interlayer 140. In some embodiments, a capping layer cov-
ering a top surface of the conductive pattern 180 may be
formed using a chemically stable metal such as cobalt,
molybdenum, aluminum, or the like.

In some embodiments, a build-up process for an addi-
tional wiring may be further performed on the insulating
interlayer 140 and the conductive patterns 180. In this case,
a multi-layered etch-stop layer, substantially the same as or
similar to that described above with reference to FIGS. 2 and
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3, may be formed on the insulating interlayer 140 and the
conductive patterns 180 and then the build-up process may
be performed.

FIGS. 9 and 10 are cross-sectional views illustrating a
method of forming a wiring structure 1n accordance with a
comparative example.

Referring to FIG. 9, the lower structure including the
lower 1sulation layer 110 and the lower wiring 1135 may be
tformed on the substrate 100, e.g., as discussed above with
respect to FIG. 1. Thereatter, an etch-stop layer 135 may be
formed on the lower insulation layer 110 and the lower
wiring 115, and the 1insulating interlayer 140 may be formed
(e.g., 1n a manner substantially the same as or similar to that
discussed above with reference to FIG. 4) on the etch-stop
layer 135.

The etch-stop layer 135 may be formed as a single-
layered structure, and be formed of a material such as silicon
nitride or silicon oxynitride. Thus, a thickness of the etch-
stop layer 135 may need to be greater than the thickness of
the second etch-stop layer 120 described above with respect
to 1n FIG. 3 to provide a suflicient protection to the under-
lying structures during a subsequent etching process.

Referring to FIG. 10, the insulating interlayer 140 and the
etch-stop layer 135 may be sequentially and partially etched
to form first and second openings 13354 and 1555, respec-
tively, through each of which a lower wiring 115 may be
exposed. For example, a top surface of the lower wiring 115
may be exposed by a first opening 1554, and top surfaces of
the lower wiring 115 and the lower insulation layer 110 may
be commonly exposed by a second opening 1555.

According to the comparative example, as the thickness
of the etch-stop layer 135 increases, the amount of material
to be etched to form the openings 155q and 1556 may also
increase. Additionally, suflicient etching selectivity may not
be obtained from the single-layered etch-stop layer 135.
Thus, the top surface of the lower wiring 115 exposed by the
first opening 155a may also be physically eroded or chemi-
cally damaged or transformed (e.g., as shown at surface
117). An upper portion of the lower insulation layer 110
exposed by the second opening 1556 may also be damaged
(c.g., to Torm a recess 157 therein) and a lateral portion of
the lower wiring 115 may be further damaged through the
recess 157. Further, as the thickness of the etch-stop layer
135 increases, a dielectric constant or a permittivity between
the lower wirings 115 may increase to cause a parasitic
capacitance and an RC delay.

However, according to example embodiments as
described with reference to FIGS. 1 to 8, the multi-layered
etch-stop layer may include different materials to improve
ctching selectivity while suppressing an increase of the
dielectric constant or the permittivity. Further, a thickness of
the multi-layered etch-stop layer may be selectively
increased on the top surface of the lower wiring 1135 so that
the lower wiring 115 may be beneficially protected from
ctching damage and external moisture.

FIGS. 11 to 17 are cross-sectional views illustrating a
method of forming a wiring structure 1 accordance with
some example embodiments. In FIGS. 11 to 17, detailed
descriptions regarding processes and/or materials substan-
tially the same as or similar to those described above with
reference to FIGS. 1 to 8 are omitted herein, and like
reference numerals are used to designate like elements.

Referring to FIG. 11, processes substantially the same as
or similar to those described with reference to FIGS. 1 to 4
may be performed. In example embodiments, a multi-
layered etch-stop layer, e.g., including a first etch-stop layer
120 and a second etch-stop layer 130, may be formed on a
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lower structure including a lower insulation layer 110 and a
lower wiring 115 formed on a substrate 100. A first insulat-
ing interlayer 142 may be formed on the etch-stop layer.
As described above, the first etch-stop layer 120 may be
formed of a metallic dielectric material such as aluminum
nitride. The first etch-stop layer 120 may include a first
portion 123 formed on the lower wiring 115 and having a
relatively large thickness, and a second portion 1235 formed
on the lower imnsulation layer 110 and having a relatively

small thickness. The second etch-stop layer 130 may be
formed of a non-metallic dielectric material such as silicon
carbide or silicon oxycarbide, and may be formed confor-
mally along a profile of the first etch-stop layer 120. The first
insulating interlayer 142 may be formed of a material such
as a silicon-oxide based material.

Referring to FIG. 12, processes substantially the same as
or stmilar to those described above with reference to FIGS.
5 and 6 may be performed to form a first opening 152. In
example embodiments, the first insulating iterlayer 142 and
the second etch-stop layer 130 may be partially etched by a
dry etching process to form a preliminary first opening. A
portion of the first etch-stop layer 120 exposed by the
preliminary first opening may thereaiter be removed by a
wet etching process to form the first opening 152, through
which the lower wiring 115 1s exposed.

In some embodiments, a top surface of the lower wiring
115 may be completely exposed through the first opening
152. A top surtace of the lower insulation layer 110 around
the lower wiring 115 may be also exposed through the first
opening 152. As illustrated 1n FIG. 12, even when the first
opening 152 has a wide area or a large width, the lower
wiring 115 and the lower insulation layer 110 may be
protected from an etching damage by the multi-layered
ctch-stop layer.

Referring to FIG. 13, processes substantially the same as
or stmilar to those described above with reference to FIGS.
7 and 8 may be performed to form a first conductive pattern
182 1in the first opening 152. The first conductive pattern 182
may include a first barrier conductive pattern 162 formed on
a sidewall and a bottom of the first opening 152, and a first
metal pattern 172 filling the first opening 152 on the first
barrier conductive pattern 162. The first conductive pattern
182 may be 1n contact with the entire top surface of the lower
wiring 115, and the top surface of the lower msulation layer
110 according to a shape of the first opening 152.

Referring to FIG. 14, a second insulating interlayer 144
may be formed on the first insulating interlayer 142 and the
first conductive pattern 182. The second 1nsulating interlayer
144 may be formed of a silicon oxide-based material, which
may be substantially the same as or similar to that of the first
insulating interlayer 142.

Referring to FIG. 15, a via hole 154 extending through the
second insulating interlayer 144, the first insulating inter-
layer 142, the second etch-stop layer 130 and the first
etch-stop layer 120 may be formed. In some embodiments,
the second insulating interlayer 144, the first insulating
interlayer 142 and the second etch-stop layer 130 may be
partially removed by a dry etching process to form a
preliminary via hole through which the first etch-stop layer
120 may be exposed. A portion of the first etch-stop layer
120 exposed through preliminary via hole may be removed
by a wet etching process to form the via hole 154. The via
hole 154 may extend commonly through the first portion 123
and the second portion 125 of the first etch-stop layer 120,
and top surfaces of the lower wiring 115 and the lower
insulation layer 110 may be exposed therethrough.
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Referring to FIG. 16, the second insulating interlayer 144
may be partially etched to form a trench 156 1n communi-
cation with an upper portion of the via hole 154. Accord-
ingly, a second opening 158 formed from a dual damascene
process and may include the via hole 154 and the trench 156
which may be integral with each other may be formed. The
trench 156 may be formed at the upper portion of the via
hole 154, and may extend linearly (e.g., in one direction). In
some embodiments, the via hole 154 may be sufliciently
spaced apart from the first conductive pattern 182 so that the
trench 156 and the first conductive pattern 182 do not
overlap each other. Thus, a relatively large area of the top
surface of the lower 1insulation layer 110 may be exposed by
the via hole 154. However, the multi-layered etch-stop layer
may be utilized to prevent an etching damage of the lower
insulation layer 110.

Referring to FIG. 17, a second conductive pattern 184
clectrically connected to the lower wiring 115 may be
formed 1n the second opening 158. The second conductive

pattern 184 may be formed from processes substantially the
same as or similar to those described above with reference
to FIGS. 7 and 8. The second conductive pattern 184 may
include a second barrier conductive pattern 164 conformally
tformed along sidewalls and bottoms of the trench 156 and
the via hole 154, and a second metal pattern 174 filling the
second opening 158 on the second barrier conductive pattern
164.

According to example embodiments described above, 1n
the wiring structure including a combination of a dual
damascene wiring and a single damascene wiring, the multi-
layered etch-stop layer may be utilized so that damage to the
lower 1msulation layer 110 and the lower wiring 115 may be
prevented while maintaining a suflicient distance between
the dual damascene wiring and the single damascene wiring.
Accordingly, a parasitic capacitance and a crosstalk between
the wirings may be reduced. Further, even though a density
of the wirings increases, a thickness of the etch-stop layer
may be reduced to prevent an increase of the parasitic
capacitance.

FIGS. 18 to 23 are cross-sectional views illustrating a
method of forming a wiring structure 1 accordance with
some example embodiments. Detailed descriptions regard-
ing processes and/or materials substantially the same as or
similar to those described above with reference to FIGS. 1
to 8 may be omitted herein, and like reference numerals are
used to designate like elements.

Referring to FI1G. 18, processes substantially the same as
or similar to those described above with reference to FIGS.
1 to 3 may be performed. In example embodiments, a
multi-layered etch-stop layer including a first etch-stop layer
220 and a second etch-stop layer 230 may be formed on a
lower structure including a lower 1msulation layer 210 and a
lower wiring 215 which may be formed on a substrate 200.
As described above, the first etch-stop layer 220 may be
formed of a metallic dielectric material such as aluminum
nitride. The first etch-stop layer 220 may include a first
portion 223 formed on the lower wiring 215 and having a
relatively large thickness, and a second portion 225 formed
on the lower insulation layer 210 and having a relatively
small thickness. The second etch-stop layer 230 may be
formed of a non-metallic dielectric material such as silicon
carbide or silicon oxycarbide, and may be formed confor-
mally (or at least substantially conformally) along a profile
of the first etch-stop layer 220. Referring to FIG. 19, a
process substantially the same as or similar to that described
above with reference to FIG. 4 may be performed to form an
insulating interlayer 240 on the second etch-stop layer 230.
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Referring to FIG. 20, a process substantially the same as
or stmilar to that illustrated with reference to FIG. S may be
performed to form a preliminary via hole 252. The prelimi-
nary via hole 252 may be formed by sequentially and
partially etching the msulating interlayer 240 and the second
ctch-stop layer 230 through, ¢.g., a dry etching process. An
upper surface of the first etch-stop layer 220 may be exposed
through the preliminary via hole 252. In some embodiments,
the first and second portions 223 and 2235 of the ﬁrst
etch—stop layer 220 may be exposed through the preliminary
via hole 252.

Referring to FIG. 21, an upper portion of the insulating
interlayer 240 may be partially removed (e.g., by an etching
process) to form a trench 254 connected to the preliminary
via hole 252. In one embodiment, the preliminary via hole
252 may be extended during formation of the trench 254 to
form a via hole 253 exposing the lower wiring 215. In
another embodiment, after the formation of the preliminary
via hole 252, the first etch-stop layer 220 may be removed
by a wet etching process to form the via hole 253 before
partially removing the upper portion of the insulating inter-
layer 240 to form the trench 254. Accordingly, an opening
250, which includes the via hole 253 and the trench 254,
may be formed in the nsulating interlayer 240, which may
be single-layered or single-leveled, by a dual damascene
process. The trench 254 may be mtegral with an upper
portion of the via hole 253, and may extend in a lateral
direction.

As exemplarily 1llustrated, a top surface of the lower
insulation layer 210 and a top surface of the lower wiring
215 may be exposed through the via hole 253, 1n consider-
ation of a process margin. In this case, the lower wiring 215
may be protected by the relatively-thick first portion 225 of
the first etch-stop layer 220, and the lower nsulation layer
210 may be protected by the second portion 223 of the first
ctch-stop layer 220.

Referring to FIG. 22, a barrier conductive layer 260, a
seed layer 270 and a metal layer 280 may be sequentially
formed on the insulating interlayer 240 to fill the opening
250. The barner conductive layer 260 may be formed of a
metal nitride such as titanium nitride, tantalum nitride, or the
like, or a chemically stable metal such as ruthenium, molyb-
denum, cobalt, or the like. The seed layer 270 may be
formed by a copper retlow process or a copper sputtering
process. The metal layer 280 may be precipitated or grown
from the seed layer 270 by, ¢.g., a copper plating process. In
some embodiments, the seed layer 270 may sufliciently fill
the via hole 253, and may extend on a sidewall and a bottom
of the trench 254. Accordingly, a suflicient amount of the
metal layer 280 may be formed within a short period in the
trench 254.

Referring to FIG. 23, upper portions of the metal layer
280, the seed layer 270 and the barrier conductive layer 260
may be planarized to form a conductive pattern 290 1n the
opening 250. The conductive pattern 290 may include a
barrier conductive pattern 2635, a seed pattern 275 and a
metal pattern 285 sequentially formed on an inner wall of the
opening 250.

A portion of the conductive pattern 290 formed 1n the via
hole 253 may be defined as a via portion, and may be in
contact with or electrically connected to the lower wiring
215. A portion of the conductive pattern 290 formed 1n the
trench 254 may be integral with the via portion and may be
defined as a wiring portion, and may extend 1n a lateral
direction. The via portion may be staggered with the lower
wiring 215, and may contact the lower wiring 215 and the
lower 1nsulation layer 210. The lower insulation layer 210
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may be protected by the multi-layered etch-stop layer so that
the via portion does not penetrate into the lower insulation
layer 210 and 1s formed at a desired level.

FIGS. 24 to 29 are cross-sectional views illustrating a
method of forming a wiring structure 1n accordance with
some example embodiments. Detailed descriptions regard-
ing processes and/or elements substantially the same as or
similar to those described above with reference to FIGS. 1
to 8 are omitted herein, and like reference numerals are used
to designate like elements.

Referring to FIG. 24 a lower structure including a lower
insulation layer 310 and a lower wiring 315 may be formed
on a substrate 300, ¢.g., as discussed above with respect to
FIG. 1.

Referring to FIG. 25, a first etch-stop layer 320 covering
a top surface of the lower wiring 315 may be formed. In
example embodiments, the first etch-stop layer 320 may be
selectively formed on the top surface of the lower wiring
315. In this case, the first etch-stop layer 320 may not be
formed on a top surface of the lower insulation layer 310, or
may only partially cover the top surface of the lower
insulation layer 310 around the lower wiring 3135.

In example embodiments, the first etch-stop layer 320
may be formed of a metallic dielectric material such as a
dielectric metal nitride, e.g., as discussed above with respect
to FIG. 2. For example, 1 a metal precursor 1s introduced
into a process chamber, the metal precursor may be selec-
tively self-assembled on the lower wiring 315 due to an
allinity between metal components of the lower wiring 315
and the metal precursor. After a predetermined time interval,
a nitrogen-contaiming reactive gas may be introduced into
the process chamber to form the first etch-stop layer 320
selectively covering the lower wiring 315. As 1llustrated 1n
FIG. 25, the first etch-stop layer 320 may be formed to have
a hemispherical or dome shape.

Referring to FIG. 26, a process substantially the same as
or similar to that described above with reference to FIG. 3
may be performed to form a second etch-stop layer 330 on
the first etch-stop layer 320 and the lower isulation layer
310. The second etch-stop layer 330 may cover the first
etch-stop layer 320, and may be 1n contact with a top surface
of the lower insulation layer 310.

Referring to FIG. 27, a process substantially the same as
or similar to that described above with reference to FIG. 4
may be performed to form an msulating interlayer 340 on the
second etch-stop layer 330.

Referring to FI1G. 28, processes substantially the same as
or similar to those described above with reference to FIGS.
5 and 6 may be performed to form an opening 3350. In
example embodiments, the insulating interlayer 340 and the
second etch-stop layer 330 may be partially removed by a
dry etching process to form a preliminary opening. A portion
of the first etch-stop layer 320 exposed through the prelimi-
nary opening may be removed by a wet etching process to
form an opening 350 exposing a top surface of the lower
wiring 315. In some embodiments, the opening 350 may
partially expose the top surface of the lower wiring 315, and
may not expose the top surtace of the lower insulation layer
320. Accordingly, the top surface of the lower wiring 3135
may define the bottom of the opening 350. The multi-layered
ctch-stop layer may be formed on the lower wiring 315 so
that damage to the lower wirning 315 from the etching
process and/or exposure to external moisture during forma-
tion of the opening 350 may be avoided.

Referring to FI1G. 29, processes substantially the same as
or similar to those described above with reference to FIGS.
7 and 8 may be performed to form a conductive pattern 380

10

15

20

25

30

35

40

45

50

55

60

65

14

clectrically connected to the lower wiring 315. The conduc-
tive pattern 380 may include a barrier conductive pattern
365 formed on an 1nner wall of the opening 350, and a metal
pattern 375 filling the opening 350 on the barrier conductive
pattern 365. The conductive pattern 350 may extend through
the insulating interlayer 340, the second etch-stop layer 330
and the first etch-stop layer 320, and may be landed on the
top surface of the lower wiring 313. The first etch-stop layer
320 may remain on the top surface of the lower wiring 315,
and may have a ring shape surrounding a lower portion of
the conductive pattern 380.

According to example embodiments as described above,
in the wiring structure which may be stacked 1n a vertical
and linear direction, the first etch-stop layer of the multi-
layered etch-stop layer may be selectively formed on a top
surface ol a wiring at each level to prevent an etching
damage of the wiring at each level.

FIGS. 30 to 54 are cross-sectional views illustrating a
method of manufacturing a semiconductor device (e.g., a fin
field-eflect transistor (FinFET)) in accordance with some
example embodiments. Specifically, FIGS. 30, 33 and 36 are
top plan views illustrating the method. FIGS. 31 and 32 are
cross-sectional views taken along line I-I' shown in FI1G. 30.
FIGS. 34, 38, 40, 42, 44, 46, 48 and 50 include sub-cross
sectional views taken along lines I-I' and II-II' shown 1n
FIGS. 33 and 36. FIGS. 35, 37, 39, 41, 43, 45, 47, 49, and
51 to 54 are cross-sectional views taken along line shown 1n
FIGS. 33 and 36. In FIGS. 30 to 54, two directions sub-
stantially parallel to a top surface of a substrate and sub-
stantially perpendicular to each other are referred to as a first
direction and a second direction. For purposes of discussion,
the direction indicated by an arrow and a reverse direction
thereol are considered to be the same direction.

Referring to FIGS. 30 and 31, an active pattern 405
protruding form a substrate 400 may be formed. The sub-
strate 400 may include a semiconductor material such as Si,
Ge, S1—Ge, etc., a group I1I-V compound such as InP, GaP,
GaAs, GaSh, etc., or the like or any combination thereotf. In
some embodiments, the substrate 400 may include an SOI
substrate, a GOI substrate, or the like.

In example embodiments, the active pattern 405 may be
formed by a shallow trench 1solation (STI) process. For
example, an upper portion of the substrate 400 may be
partially etched to form an 1solation trench, and then an
insulation layer may be formed on the substrate 400 to fill
the 1solation trench. An upper portion of the insulation layer
may be planarized by, e.g., a CMP process, until a top
surface of the substrate 400 1s exposed to form an 1solation
layer 402. The isulation layer may be formed of a material
such as silicon oxide.

A plurality of protrusions may be formed from the sub-
strate 400 and defined by the 1solation layer 402. The
protrusions may herein also be referred to as the active
patterns 405. Each active pattern 405 may extend linearly in
the first direction, and a plurality of the active patterns 405
may be formed along the second direction. In some embodi-
ments, an 1on-implantation process may be performed to
form a well at an upper portion of an active pattern 405.

In some embodiments, an active pattern 405 may be
formed from an additional channel layer. In this case, the
channel layer may be formed on the substrate 400 by, e.g.,
a selective epitaxial growth (SEG) process, and an STI
process may be performed on the channel layer to form the
active pattern 405. While performing the SEG process, a
silicon source such as silane may be used together with a
germanium source or a carbon source so that a stress may be
applied to the channel layer.
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Referring to FIG. 32, an upper portion of the 1solation
layer 402 may be removed by, e.g., an etch-back process to
expose an upper portion of the active pattern 405. Each
exposed upper portion of the active pattern 405 may herein
be defined as an active fin 407. As exemplarily 1llustrated,
cach active fin 407 may extend 1n the first direction, and a
plurality of the active fins 407 may be arranged along the
second direction.

Referring to FIGS. 33, 34 and 35, a dummy gate structure
415 may be formed on the 1solation layer 402 and the active
fin 407. For example, a dummy gate insulation layer, a
dummy gate electrode layer and a dummy gate mask layer
may be sequentially formed on the active fin 407 and the
isolation layer 402. The dummy gate mask layer may be
patterned by a photo-lithography process to form a dummy
gate mask 414. The dummy gate electrode layer and the
dummy gate insulation layer may be partially removed using
the dummy gate mask 414 as an etching mask to form the
dummy gate structure 415.

The dummy gate structure 415 may 1include a dummy gate
insulation pattern 410, a dummy gate electrode 412 and the
dummy gate mask 414 sequentially stacked from the active
fin 407 and the 1solation layer 402. For example, the dummy
gate 1nsulation layer may be formed of silicon oxide. The
dummy gate electrode layer may be formed of polysilicon.
The dummy gate mask layer may be formed of silicon
nitride. The dummy gate insulation layer, the dummy gate
clectrode layer and the dummy gate mask layer may be
formed by a CVD process, a sputtering process or an ALD
process. In an embodiment, the dummy gate 1insulation layer
may be formed by a thermal oxidation process on the active
{in 407. In this case, the dummy gate insulation layer may be
selectively formed on a top surface of the active fin 407. In
example embodiments, the dummy gate structure 415 may
extend in the second direction, and may cross a plurality of
the active fins 307. A plurality of the dummy gate structures
415 may be formed along the first direction.

Referring to FIGS. 36 and 37, a gate spacer 420 may be
formed on a sidewall of the dummy gate structure 415. As
illustrated 1n FIG. 36, the gate spacer 420 may extend in the
second direction together with the dummy gate structure
415. In example embodiments, the gate spacer 420 may be
formed by forming a spacer layer on the dummy gate
structure 415, the active fin 407 and the 1solation layer 402,
and anisotropically etching the spacer layer. The spacer layer
may be formed of a nitride, e.g., silicon nitride, silicon
oxynitride, silicon carbonitride, etc.

Referring to FIGS. 38 and 39, an upper portion of the
active 1in 407 adjacent to the gate spacer 420 and/or the
dummy gate structure 415 may be etched to form a recess
425. During formation of the recess 425, the gate spacer 420
may substantially serve as an etching mask. In example
embodiments, an inner wall of the recess 425 may have a
substantially “U”-shaped profile, e.g., as illustrated i FIG.
39. In some embodiments, the recess 425 may be expanded
to a portion of the active pattern 405 below the top surface
of the 1solation layer 402.

Referring to FIGS. 40 and 41, a source/drain layer 430
filling the recess 425 may be formed. In example embodi-
ments, the source/drain layer 430 may be formed by an SEG
process using a top surface of the active fin 407 exposed by
the recess 425 as a seed.

In some embodiments, an n-type impurity source such as
phosphine (PH;) may be provided together with a silicon
source such as silane 1n the SEG process. In this case, the
source/drain layer 430 may serve as an impurity region of an
NMOS-type FinFET. In an embodiment, a carbon source
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such as a hydrocarbon gas may be provided together with the
silicon source. In this case, a tensile stress may be applied
through the source/drain layer 430 to improve an electron
mobility of an NMOS channel.

In some embodiments, a p-type impurity source such as
diborane (B,H,) may be provided together with the silicon
source 1n the SEG process. In this case, the source/drain
layer 430 may serve as an impurity region of a PMOS-type
FinFET. In an embodiment, a germanium source such as
germane (GeH,) or germanium tetrachlonide (GeCl,) may
be provided together with the silicon source. In this case, a
compressive stress may be applied through the source/drain
layer 430 to improve a hole mobility of a PMOS channel.

The source/drain layer 430 may be grown vertically and
laterally to have, e.g., a polygonal cross-section as illustrated
in FIG. 40. In some embodiments, the source/drain layer 430
may suiliciently fill the recess 323 to contact a lower portion
of the gate spacer 320. As illustrated in FIG. 40, one
source/drain layer 430 1s formed for each active fin 407.
However, the one source/drain layer 430 may be formed
from a plurality of the active fins 407. For example, two
source/drain layers 430 neighboring one another in the
second direction may be merged with each other.

Referring to FIGS. 42 and 43, a first insulating interlayer
435 covering the dummy gate structure 4135, the gate spacer
420 and the source/drain layers 430 may be formed on the
active fin 407 and the 1solation layer 402. An upper portion
of the first insulating interlayer 435 may be planarized by a
CMP process and/or an etch-back process until a top surface
of the gate electrode 412 1s exposed. In some embodiments,
the dummy gate mask 414 may be removed by the CMP
process, and an upper portion of the gate spacer 420 may be
also partially removed. The first msulating interlayer 435
may be formed of, e¢.g., a silicon oxide-based matenial by a
CVD process.

Referring to FIGS. 44 and 45, the dummy gate electrode
412 and the dummy gate insulation pattern 410 may be
removed. Accordingly, a trench (not illustrated) exposing an
upper portion of the active fin 407 may be formed between
a pair of the gate spacers 420. The exposed active fin 407
may be thermally oxidized to form an interface layer 440. A
gate msulation layer 442 may be formed along a top surface
of the first insulating interlayer 435, an nner wall of the
trench, and top surfaces of the interface layer 440 and the
1solation layer 402, and a bufler layer 444 may be formed on
the gate insulation layer 442. A gate electrode layer 446
filling a remaiming portion of the trench may be formed on
the bufler layer 444.

The gate 1nsulation layer 442 may be formed of a metal
oxide having a high dielectric constant (high-k) such as
hatnmium oxide, tantalum oxide and/or zirconium oxide. The
bufler layer 444 may be included for adjusting a work
function of a gate electrode. The bufler layer 444 may be
formed of a metal nitride such as titanium nitride, tantalum
nitride and/or aluminum nitride. The gate electrode layer
446 may be formed of a metal having a low electric constant
such as aluminum, copper, tungsten, or the like.

The gate insulation layer 442, the bufler layer 444 and the
gate electrode layer 446 may be formed by a process such as
a CVD process, an ALD process, a PVD process, etc. In
some embodiments, the interface layer 440 may be also
formed by a deposition process such as a CVD process or an
ALD process. In this case, the iterface layer 440 may have
a profile that 1s the same as (or substantially the same as or
similar to that of) the gate insulation layer 442.

Referring to FIGS. 46 and 47, upper portions of the gate
clectrode layer 446, the bufler layer 444 and the gate
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insulation layer 442 may be planarnized by, e.g., a CMP
process until the top surface of the first insulating interlayer
435 may be exposed. After the planarization process, a gate
structure including the interface layer 440, a gate insulation
pattern 443, a buller pattern 445 and a gate electrode 447
may be defined in the trench. An NMOS ftransistor or a
PMOS ftransistor having a FinFET structure may thus be
defined by the gate structure and the source/drain layer 430.

A passivation layer 450 may be formed on the first
insulating interlayer 433, the gate spacers 420 and the gate
structure. The passivation layer 450 may be formed of a
nitride-based material such as silicon nitride or silicon
oxynitride by a CVD process. A portion of the passivation
layer 450 covering the gate structure may serve as a gate
mask.

Referring to FIGS. 48 and 49, the passivation layer 450
and the first insulating interlayer 4335 may be partially etched
to form a contact hole 455 through which the source/drain
layer 430 1s exposed. In some embodiments, while perform-
ing the etching process to form the contact hole 455, an
upper portion of the source/drain layer 430 may be partially
removed. Accordingly, the contact hole 455 may extend 1nto
an upper portion of the source/drain layer 430.

In example embodiments, a silicide layer 460 may be
tormed at the upper portion of the source/drain layer 430 that
1s exposed through the contact hole 455. For example, a
metal layer (e.g., formed of cobalt, nickel, etc.) may be
formed on a portion of the source/drain layer 430 that 1s
exposed through the contact hole 455, and then a thermal
treatment such as an annealing process may be performed to
transform a portion of the metal layer contacting the source/
drain layer 430 1nto a metal silicide (e.g., cobalt silicide,
nickel silicide, etc.). An unreacted portion of the metal layer
may be removed, thereby forming the silicide layer 460.

As 1llustrated 1n FI1G. 48, one source/drain layer 430 may
be exposed by one contact hole 455. In some embodiments,
however, a plurality of the source/drain layers 430 may be
exposed by a common contact hole 455. For example, at
least two source/drain layers 430 neighboring each other
may be exposed by the contact hole 4355, which extends in
the second direction.

Referring to FIGS. 50 and 51, a plug 465 clectrically
connected to the source/drain layer 430 may be formed 1n
the contact hole 455. For example, a conductive layer
suiliciently filling the contact holes 455 may be formed on
the passivation layer 450. An upper portion of the conduc-
tive layer may be planarized by a CMP process until a top
surface of the passivation layer 450 may be exposed to form
the plugs 465. The conductive layer may be formed of a
metal, a metal nitride or a doped polysilicon. In some
embodiments, a barrier layer including a metal nitride such
as titanium nitride may be formed along an inner wall of the
contact hole 435 before forming the conductive layer. The
plug 465 may contact the silicide layer 460. Thus, an
clectrical resistance between the plug 465 and the source/
drain layer 430 may be reduced due to the presence of the
silicide layer 460. In some embodiments, the plug 465 may
extend in the second direction, and may be electrically
connected to a plurality of the source/drain layers 430.

Referring to FIG. 52, a lower insulation layer 470 and a
lower wiring 480 may be formed on the passivation layer
460 and the plug 465 by a process substantially the same as
or similar to that illustrated with reference to FIG. 1.
Subsequently, a back-end-of-line (BEOL) process, substan-

tially the same as or similar to those illustrated with refer-
ence to FIGS. 1 to 8, FIGS. 11 to 17, FIGS. 18 to 23, and/or

FIGS. 24 to 29, may be performed.
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For example, processes substantially the same as or
similar to those described above with reference to FIGS. 2
to 4 may be performed. In example embodiments, a multi-
layered etch-stop layer, e.g., including a first etch-stop layer
510 and a second etch-stop layer 520, may be formed on the
lower isulation layer 470 and the lower wiring 480. A
second 1nsulating interlayer 530 may be formed on the
ctch-stop layer.

As described above, the first etch-stop layer 510 may be
formed of a metallic dielectric material such as aluminum
nitride. The first etch-stop layer 510 may be formed to be
thicker on the lower wiring 480 due to an athinity between
metal components of the lower wiring 480 and the metal
precursor or target used to form the first etch-stop layer 510.
The second etch-stop layer 520 may be formed of a non-
metallic dielectric material such as silicon carbide or silicon
oxycarbide, and may be formed conformally along a profile
of the first etch-stop layer 510. The second insulating
interlayer 530 may be formed of a low-k silicon oxide-based
material.

Referring to FIG. 33, the second insulating interlayer 530
and the etch-stop layer may be sequentially and partially
ctched to form openmings, such as a first opening 540 and a
second opening 345, exposing top surfaces of the lower
wirings 480. The first opening 540 may, for example, be
formed by a dual damascene process, and may include a via
hole and a trench at a lower portion and at an upper portion
thereof, respectively. The top surface of the lower wiring
480 may be exposed by the via hole, and a bottom of the via
hole may be defined by the top surface of the lower wiring
480. The etch-stop layer may be relatively thick on the lower
wiring 480 so that a damage of the lower wiring 480 may be
prevented while forming the first opening 540. The second
opening 345 may, for example, partially expose the top
surface of the lower wiring 480 and a top surface of the
lower isulation layer 470. A suflicient etching selectivity
between the lower insulation layer 470 and the first etch-stop
layer 510 may be achieved so that the second opening 545
may be formed without damaging the lower 1nsulation layer
470.

Referring to FIG. 54, processes substantially the same as
or stmilar to those described above with reference to FIGS.
7 and 8 may be performed. For example, a barrier conduc-
tive layer may be formed along sidewalls and bottoms of the
first and second openings 540 and 545, and a top surface of
the second insulating interlayer 530. A metal layer sufli-
ciently filling the first and second openings 540 and 545 may
be formed on the barrier conductive layer. Upper portions of
the barrier conductive layer and the metal layer may be
planarized by a CMP process to form a first conductive
pattern 560 and a second conductive pattern 570 1n the first
opening 340 and the second opeming 543, respectively.

The first conductive pattern 560 may include a first barrier
pattern 553 and a first metal pattern 555 sequentially formed
on an inner wall of the first opening 540. The first conductive
pattern 560 may extend through the second 1nsulating inter-
layer 530, the second etch-stop layer 520 and the first
etch-stop layer 510 to be landed on the top surface of the
lower wiring 480. A via portion of the first conductive
pattern 560 may be superimposed on the lower wiring 480
in a substantially vertical direction, and may not contact the
top surface of the lower insulation layer 470.

The second conductive pattern 570 may include a second
barrier pattern 552 and a second metal pattern 554 sequen-
tially formed on an mnner wall of the second opening 345. A
bottom of the second conductive pattern 570 may contact a
portion of the top surface of the lower wiring 480, and may
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also contact the top surface of the lower insulation layer 470.
The bottom of the second conductive pattern 570 may be
staggered with the top surface of the lower wiring 480.

According to example embodiments described above, a
multi-layered etch-stop layer including different types of
materials may be utilized 1n the BEOL process for a FinFET
device including a gate structure of a fine line width, e.g.,
below about 20 nm or 10 nm Theretfore, a dielectric constant
or a permittivity between wirings may be reduced without
damaging a lower structure to improve an operational prop-
erty of the FinFET device.

The wiring structure and methods of forming the wiring
structure may be also applied to a logic device including the
FinFET structure, a volatile memory device such as an
SRAM device or a DRAM device, or a non-volatile memory
device such as a flash device, a PRAM device, an MRAM
device, an RRAM device, etc.

According to example embodiments described above, a
multi-layered etch-stop layer may include a first etch-stop
layer and a second etch-stop layer, where the first-etch-stop
layer may include, e.g., a metal mitride and the second
etch-stop layer may include, e.g., an inorganic insulation
material such as silicon carbide. The first etch-stop layer
may be formed to be thicker on a lower conductive pattern
than on a lower 1nsulation layer due to an aflinity between
metal components of the lower conductive pattern and a
metal precursor or target used to form the first etch-stop
layer. Thus, an increase of a dielectric constant by the
multi-layered etch-stop layer may be prevented. Further, the
multi-layered etch-stop layer may include different types of
materials to improve an etching selectivity. Therefore, an
opening for a formation of a wiring may be formed without
damaging the lower insulation layer and/or the lower con-
ductive pattern.

The foregoing 1s 1llustrative of example embodiments and
1s not to be construed as limiting thereof. Although a few
example embodiments have been described, those skilled 1n
the art will readily appreciate that many modifications are
possible in the example embodiments without materially
departing from the novel teachings and advantages of the
present inventive concept. Accordingly, all such modifica-
tions are intended to be included within the scope of the
present inventive concept as defined in the claims. In the
claims, means-plus-function clauses are intended to cover
the structures described herein as performing the recited
function and not only structural equivalents but also equiva-
lent structures. Therefore, it 1s to be understood that the
foregoing 1s 1llustrative of various example embodiments
and 1s not to be construed as limited to the specific example
embodiments disclosed, and that modifications to the dis-
closed example embodiments, as well as other example
embodiments, are mtended to be imncluded within the scope
of the appended claims.

What 1s claimed 1s:

1. A wiring structure, comprising:

a substrate;

a lower insulation layer on the substrate;

a lower wiring 1n the lower nsulation layer;

a multi-layered etch-stop layer covering the lower wiring
and the lower insulation layer, wherein a thickness of
the multi-layered etch-stop layer over the lower wiring
1s greater than a thickness of the multi-layered etch-
stop layer over the lower insulation layer, the multi-
layered etch-stop layer including:

a first etch-stop layer covering the lower wiring and
including a metallic dielectric material, wherein the
first etch-stop layer includes a first portion formed on
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the lower wiring and a second portion formed on the
lower 1insulation layer, and wherein the first portion
1s thicker than the second portion; and
a second etch-stop layer on the first etch-stop layer and
the lower 1nsulation layer;
an 1nsulating interlayer on the second etch-stop layer; and
a conductive pattern extending through the insulating
interlayer, the second etch-stop layer and the first
etch-stop layer to be electrically connected to the lower
wiring.
2. The wiring structure of claim 1, wherein the first
etch-stop layer includes a dielectric metal nitride.
3. The wiring structure of claim 1, wherein the second
etch-stop layer includes a non-metallic dielectric material.
4. The wiring structure of claim 3, wherein the second
ctch-stop layer includes at least one selected from the group
consisting of silicon oxide, silicon carbide, silicon nitride,
silicon oxynitride, silicon carbonitride and silicon oxycar-

bide.

5. The wiring structure of claim 1, wherein the first
ctch-stop layer continuously extends on the lower wiring
and the lower insulation layer.

6. The wiring structure of claim 1, whereimn the second
etch-stop layer has a uniform thickness along the first
portion and the second portion of the first etch-stop layer.

7. The wiring structure of claim 1, wherein the conductive
pattern extends commonly through the first portion and the
second portion of the first etch-stop layer, and

the conductive pattern contacts top surfaces of the lower
wiring and the lower insulation layer.

8. The wiring structure of claim 7, wherein the conductive
pattern partially overlaps the top surface of the lower wiring,
and 1s staggered with the lower wiring.

9. The wiring structure of claim 1, wherein the first
etch-stop layer 1s selectively formed on a top surface of the
lower wiring with respect to the top surface of the lower
insulation layer.

10. The wiring structure of claim 9, wherein the conduc-
tive pattern 1s landed on the top surface of the lower wiring,
and

a bottom of conductive pattern contacts the top surface of
the lower wiring.

11. The wiring structure of claim 1, wherein a top portion
of the second etch-stop layer contacts the conductive pattern
and 1s higher than a top surface of the second etch-stop layer
over the lower isulation layer.

12. A wiring structure, comprising:

a substrate:

a lower isulation layer on the substrate;

a lower wiring in the lower insulation layer;

a first etch-stop layer covering the lower wiring and the
lower insulation layer, the first etch-stop layer being
relatively thicker on the lower wiring than on the lower
insulation layer;

a second etch-stop layer on the first etch-stop layer, the
second etch-stop layer including a material different
from that of the first etch-stop layer;

an sulating interlayer on the second etch-stop layer; and

a conductive pattern extending through the insulating
interlayer, the second etch-stop layer and the first
ctch-stop layer and electrically connected to the lower
wiring.

13. The wining structure of claim 12, wherein the first
etch-stop layer includes a metallic dielectric material, and
the second etch-stop layer includes a non-metallic dielectric
material.
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14. The wining structure of claim 13, wherein the first
etch-stop layer includes aluminum nitride, and the second
ctch-stop layer includes silicon carbide or silicon oxycar-
bide.

15. The wirning structure of claim 12, wherein the con-
ductive pattern contacts top surfaces of the lower wiring and
the lower sulation layer.

16. The wiring structure of claim 12, wheremn a top
portion of the second etch-stop layer contacts the conductive
pattern and 1s higher than a top surface of the second
etch-stop layer over the lower msulation layer.

17. A wiring structure, comprising:

a substrate;

a lower insulation layer on the substrate;

a lower wiring 1n the lower nsulation layer;

a multi-layered etch-stop layer covering the lower insu-
lation layer and the lower wiring and having a first
ctch-stop layer covering a peripheral portion of the
lower wiring and the lower insulation layer and a
second etch-stop layer on the first etch-stop layer,
wherein a top surface of the first etch-stop layer on the
lower wiring 1s higher than a top surface of the first
ctch-stop layer on the lower mnsulation layer and a top
surface of the second etch-stop layer over the lower
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wiring 1s higher than a top surface of the second
etch-stop layer over the lower insulation layer;

an insulating interlayer on the second etch-stop layer; and

a conductive pattern extending through the insulating

interlayer and the multi-layered etch-stop layer such
that the conductive pattern 1s enclosed by the insulating
interlayer and the multi-layered etch-stop layer and
clectrically connected to the lower wiring.

18. The wiring structure of claim 17, wherein a top
surface of the conductive pattern 1s coplanar with a top
surface of the sulating interlayer.

19. The wiring structure of claim 17, wherein the wiring

structure includes a pair of lower wirings that are adjacent to
one another and wherein the first etch-stop layer has a same
thickness on the pair of lower wirings and a thickness of the
first etch-stop layer on the lower wiring 1s greater than a
thickness of the first etch-stop layer on the lower insulation
layer.

20. The wiring structure of claim 17, wherein a top
portion of the second etch-stop layer contacts the conductive
pattern and 1s higher than a top surface of the second
ctch-stop layer over the lower insulation layer.
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